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Abstract 

The outcome of pediatric hydrocephalus, including surgical complications, neurological 

sequelae and academic achievement, has been the matter of many studies. However, much 

uncertainty remains, regarding the very long-term and social outcome, and the determinants 

of complications and clinical outcome. In this paper, we review the different facets of 

outcome, including surgical outcome (shunt failure, infection and independence, and 

complications of endoscopy), clinical outcome (neurological, sensory, cognitive sequels, 

epilepsy), schooling and social integration. We then provide a brief review of the English-

language literature and highlighting selected studies that provide information on the outcome 

and sequelae of pediatric hydrocephalus, and the impact of predictive variables on outcome. 

Mortality caused by hydrocephalus and its treatments is between 0 and 3%, depending on the 

duration of follow-up. Shunt event-free survival (EFS) is about 70% at one year and 40% at 

ten years. The EFS after endoscopic third ventriculostomy (ETV) appears better but likely 

benefits from selection bias and long-term figures are not available. Shunt infection affects 

between 5 and 8% of surgeries, and 15 to 30% of patients according to the duration of follow-

up. Shunt independence can be achieved in 3 to 9% of patients, but the definition of this 

varies. Broad variations in the prevalence of cognitive sequelae, affecting 12 to 50% of 

children, and difficulties at school, affecting between 20 and 60%, attest of disparities among 

studies in their clinical evaluation. Epilepsy, affecting 6 to 30% of patients, has a serious 

impact on outcome. In adulthood, social integration is poor in a substantial number of 

patients but data are sparse. Few controlled prospective studies exist regarding hydrocephalus 

outcomes; in their absence, largely retrospective studies must be used to evaluate the long-

term consequences of hydrocephalus and its treatments. This review aims to help to establish 

the current state of knowledge and to identify conflicting data and unanswered questions, in 

order to direct future studies. 
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Introduction and definition of terms 

Pediatric hydrocephalus (HC) is a surgical disease. If left untreated, most cases are lethal [1]. 

With present-day standard of care, most patients with HC will survive; however, death from 

hydrocephalus still exists [2,3], and the sequelae among long-term survivors are frequent and 

often severe [4]. Because of the multiplicity of causes of hydrocephalus, associated diseases, 

complications of treatment, and the inherent complexity of the patient population, reliable 

data on outcomes are difficult to obtain. The outcome of hydrocephalic patients has been the 

subject of many studies, some presenting conflicting results, and many focusing on a limited 

view of this vast field. Among the questions asked by legitimately anxious parents, and 

sometimes by the patient himself, are: what are the risks of complication of surgery? What 

are the risks that my child dies of this disease? What are the sequels that my child might 

suffer? We shall therefore categorize hydrocephalus outcomes under the following broad 

headings: surgical outcome (shunt half-life, rate of shunt malfunction, rate of infection, and 

the issue of shunt-independence) and complications of endoscopy; mortality (shunt-related as 

well as related to other causes); morbidity (cognition, motor system, vision, epilepsy, 

neuroendocrine problems and fertility, chronic headache); and functional social outcome 

(schooling, social integration, marital status). The present review aims to discuss these 

different facets of outcome in pediatric hydrocephalus, review the available literature on the 

topic and identify the gaps in our present knowledge. We will try to identify predictive 

factors for outcome and to define what are the medical needs for this population in the future, 

especially when they become adults, how to evaluate them, and which guidelines can be 

proposed for follow-up. 

Problems and controversies in outcome definitions 

Surgical outcome 

Shunt failure can be aseptic (malfunction) or septic (shunt infection). Malfunction includes 

obstruction, overdrainage, underdrainage, and occult shunt failure (including the need for 

elective revision for tube lengthening). Its occurrence being duration-dependent, the 

incidence of malfunction is generally expressed as actuarial survival. Reoperation, although 

potentially subject to surgeon bias, can be seen as the best criterion to define malfunction, as 

it is a binary variable and a dated event, allowing survival analysis. However, some cases of 

malfunction can be dealt with without surgery, e.g., overdrainage that is solved by valve 

adjustment or one that is simply accepted by the patient as a minor nuisance. On the other 

hand, occult shunt failure (e.g., a broken shunt in an asymptomatic patient) is sometimes 

accepted with little scientific evidence, as an indication that the patient has become shunt-

independent [5]. A more rigorous approach to shunt independence is advocated below. 

Shunt infection has been defined differently depending on the goal of the study: a positive 

culture is an adequate criterion for bacteriological studies; clinical symptoms with positive 



culture and or pleocytosis (Odio’s criteria) [6] is a criterion more adapted to clinical studies, 

however cultures can be falsely positive as well as falsely negative. Restrictive definitions 

excluding cases with negative cultures carry the risk of underestimating the real problem. 

Studies on surgical outcome should adopt a surgery-based criterion: a medical diagnosis 

based on clinical findings and/or biology, leading to reoperation or death [7-9]. This 

definition, based on the assumption that infection cannot be cured without reoperation, 

generally shunt removal, has the advantage of a binary and dated event allowing actuarial 

analysis [8]. More detail on the type of infection can be provided using the classification 

proposed by the CDC [10], rating the infection as incisional (skin and dermis), deep-

incisional (subcutaneous tissues), and organ/space infection. The definition of infection by 

the CDC also emphasizes the importance of clinical judgment: “Diagnosis of an organ/space 

(surgical site infection) by a surgeon or attending physician” [10]. Although postoperative 

infection is generally defined as occurring with one month of surgery, the rate of infection 

should also be evaluated over a longer term, since infection can occasionally occur several 

years after surgery. Survival analysis should be used in order to take into account the impact 

of late shunt contamination [9]. Different types of infection rates can be calculated and 

should be clearly specified: by operation (number of operations complicated by infection); by 

patient (number of patients in a series having had at least one septic episode); by surgeon 

(number of septic complications among the total number of patients operated by a given 

surgeon) [11], or by hospital [12]; and actuarial incidence [8,9]. Rates by surgeon or by 

hospital can be difficult to ascertain because patients are often operated by different surgeons 

or in different hospitals [13]. 

Shunt independence is defined as the successful removal or ligature of all shunts, but it does 

not always mean that the hydrocephalus is “cured”. It includes patients with successful 

secondary endoscopic treatment [14,15], but who, nevertheless, remain reliant on internal 

CSF diversion; patients who become shunt independent spontaneously [16]; and patients who 

undergo progressive upgrading of an adjustable valve, or planned removal of their shunt, 

which should be performed with great caution and patience. Some delay after shunt removal 

is necessary to assert that the patient is truly shunt-independent; how long the follow-up 

should be is undetermined, but delayed deterioration has been reported several years after 

apparently successful shunt removal [17]. It should be emphasized that, whereas symptomatic 

shunt failure proves shunt-dependence, the reverse is not true. Contrary to some authors who 

stated that the absence of shunt failure during more than 18 years attests to shunt-

independence [18], some patients can present with their first malfunction more than 20 years 

after shunt insertion: in a series of 456 patients having reached adulthood, 22 patients 

presented with their first shunt failure after the age of 20, with a fatal outcome in one case 

[4]. 

Complications of endoscopy include failure (obstruction), infection and surgical morbidity 

[19]. Failure of endoscopic third ventriculocisternostomy (ETV) can be defined as primary 

(failure to achieve an efficient stoma) or secondary (obstruction of a previously patent 

stoma). In studies comparing endoscopy and shunting, failure of the endoscopic technique 

has also been defined as the need to implant a shunt, but this definition excludes failed cases 

that were treated by redo ETV [20,21]. Evaluation of the primary failure rate should be based 

on a clear statement of the intent to treat. The rate of secondary failure is duration dependant, 

and actuarial survival studies are necessary [22,23]. In spite of a growing literature, the long-

term actuarial survival of ETV is still poorly documented. For the comparison between ETV 

and shunting, important confounders, like age and origin of hydrocephalus need to be 



accounted for with sophisticated statistical methods [24], although this still falls short of the 

gold-standard of randomization. 

Mortality 

It is important to determine whether or not mortality is related to hydrocephalus and its 

treatment. When death occurs immediately after surgery, or of documented shunt failure, 

shunt-related mortality is beyond doubt. Shunted patients can also die of associated 

conditions, e.g., brain tumor or metabolic disease, unrelated intercurrent events, e.g., 

accidental trauma, or related ailment, e.g., malnutrition or infection in a severely debilitated 

patient. All of these identified causes of death should be considered as shunt-unrelated. There 

remain grey areas in which the cause of death can be multiple or be totally unexplained. In a 

shunted patient, the occasional sudden death can often be retrospectively ascribed to shunt 

complication [25]. Based on these data, sudden unexpected death in a shunted patient should 

be considered as shunt-related by default, similar to the SUDEP in epilepsy (Sudden 

Unexpected Death of the Epileptic Patient). 

Morbidity 

This term covers all health-related limitations to living a normal life. It is evaluated 

quantitatively by outcome and quality of life scales, and by the presence or absence of 

different sequela (binary variables). Overall functional outcome can be quantified using 

established generic scales like the Barthel index (10 variables graded 1 to 10) [26], Karnofsky 

scale (11 grades), and the Glasgow Outcome Scale (GOS, 5 grades) [4]; historically, a five-

tier grading system precursory of the GOS had already been proposed by Laurence in 1962 

[1], and Resch also used a scale very similar to the GOS [27]. The GOS following the WFNS 

(1 = normal, 5 = dead) is relatively crude but can easily be calculated in retrospective studies, 

is not influenced by age, and allows comparisons with other neurosurgical diseases [28]. We 

found no study on pediatric hydrocephalus using the Rankin 7-grades scale, although this is 

widely used in adult studies. The Barthel index is a highly detailed quantitative outcome 

measure, but we found it used in no study on pediatric hydrocephalus. Quality of life can be 

evaluated quantitatively with SF36 scale [26], which requires a prospective evaluation of 

patients. Recently, the Hydrocephalus Outcome Questionnaire (HOQ), a disease-specific 

quality of life scale, has been proposed for pediatric hydrocephalus by Kulkarni et al. [29], 

translated in several languages, and validated by other teams [30]. The Barthel Index, SF36 

and HOQ are highly detailed quantitative scores, which require prospective collection of data 

and a fairly heavy logistic organization. 

In hydrocephalus, the most important specific functional concerns are: 

  .Impaired mobility and ambulation (e.g., cerebral palsy) 

  . Impaired cognition (mental delay, behavior) [31-33] 

  . Sensory deficits (vision, hearing) [34-36] 

  . Endocrine dysfunction (growth, puberty, weight balance, fertility) [4,37,38] 

  . Epilepsy [8,39] 

  . Depression [37] 

  . Pain (chronic headache) [40]. 



All these variables are often rated dichotomously as present or absent (binary variables) or 

measured quantitatively, following specific scales. In particular, cognition can be evaluated 

by different tests, adapted to age: Wechsler preschool, WISC 3, WISC 4 [31,41], Gesell, 

Bayley developmental scale for infants [33,34,39], and Brunet-Lezine test developmental test 

for infants [39]. These tests are useful to determine a neuropsychological profile and compare 

hydrocephalic patients with others. However, many of these tests cannot be performed in 

severely delayed patients, introducing an important selection bias [42]. Studies reporting the 

results of tests are conflicting: classically, Dennis et al. found a predominant deficiency of 

performance versus verbal IQ [32], while more recent studies did not confirm their results 

[31,41]. Moreover, these tests often underestimate deficits in social competence [4]. School 

difficulties can be the result of a range of different deficits, cognitive being the most 

prominent, as well as frequent absences from school due to repeated hospital stays. Schooling 

is thus not a faithful reflection of pure cognitive handicap. Schooling is generally grossly 

rated as normal or delayed [26] or can be given a little more detail, such as: normal, normal 

with help, delayed, special school for mentally handicapped, and no schooling at all [4]. 

How a pediatric patient functions in society is perhaps the ultimate test of outcome. This 

includes professional/career achievement, achievement of intimate relationships, and 

community integration. It should be evaluated by comparison with the expected social 

outcomes for peers. In many cases the social outcome is poorer than would be expected based 

on cognitive deficits and school performance, illustrating a “hidden handicap” [4]. 

Employment status can be categorized as full employment (on the competitive labor market 

or independent mothers at home), unemployed, sheltered/assisted employment, and 

handicapped (at home or in special institution). 

Information gained through existing publications 

Methods 

In order to survey the current state of the outcome literature in pediatric hydrocephalus, a 

Pubmed search was conducted using “pediatric hydrocephalus” and “clinical outcome” as 

key words, yielding 206 citations. After selecting clinical series, searching among related 

citations, and adding some publications on specific topics, the survey consisted of 122 

references. These studies included prospective studies, retrospective studies, and cross-

sectional surveys. We also identified long-term series, for which patients were followed until 

late childhood/adulthood. The following data were extracted: the population studied (age and 

cause of hydrocephalus), duration of follow-up, the incidence of shunt malfunction and 

infection, the mortality and morbidity, the functional outcome (schooling, occupation, social 

integration), and in rare studies, the medical resources available. 

Results 

We found only six prospective studies [29,30,34,43-45] and these had a mean follow-up of 

20 months [34], 5 years [43], and 9.9 years [29]. In one study, follow-up was terminated 

when the study endpoint (shunt failure) was reached [46]. Retrospective studies represent the 

bulk of medical literature on hydrocephalus outcome. The value of these studies rests in the 

unselected nature of the patient sample, homogeneity of medical management, and long 

duration of follow-up. Four studies reported on the long-term outcome of patients beyond 18 

years [4,26,37,47]. Several studies were based on the voluntary participation of patients 

[37,47-49]. The willingness to participate in a study, often through the channel of patient 



advocacy groups, introduces an important selection bias [42]. In addition, some studies 

presented the neuropsychological evaluation of selected patients [33,41]; their purpose was to 

define a profile in the hydrocephalus population, rather than an overall view of the outcome. 

Finally, other studies were based on data stored in registries [12,50], and give an 

epidemiological rather than a clinical perspective. 

To summarize the data from an abundant but heterogeneous and unformatted literature, we 

constructed two tables. Table 1 is aimed at establishing the incidence and prevalence of the 

different elements of outcome detailed above, with figures from the literature, and comments 

on possible bias of the cited studies. 

Table 1 Incidence of different complications and prevalence of the different types of 

morbidity according to literature 



complications and morbidity data in literature comment on biases 

shunt obstruction number of shunt revisions per 

patient 

2.7 at 24.2 years [4] 4.2 at 20 years [26] 

2.7 at 17 years [49] 

duration-dependent; rates of revision also reflects the closeness of 

follow-up 

 Event-Free Survival at 1 year 70% [8,51] 62% [46] 80% [4] depends on the age at insertion and the number of prematures 

shunted 

 Event-Free Survival at 10 year 35% [51], 48% [4] few data on the very long term 

Endoscopy failure rate Event-Free Survival at 5 years 62% [22] 45% [23] few data on the very long term 

shunt infection per surgery 0.17% [52] 7.9% [11] 8.4% [46] depends on definition criteria, selection of patients and duration of 

follow-up 

 per patient (long term) 15.6% [4] 37.5% [37] depends on duration of follow-up 

 per surgeon (range within a 

team) 

5.2-12.2% [9] 7–9.4% [53] 6.1-11.7% 

[11] 

significant differences between surgeons [53]; NS[9,11] 

 actuarial incidence 8.5% at 1 year [8] 20.3% at 10 years [9] very few data on long-term incidence 

shunt independence overall 3.2% [54] 9% [55] depends on etiology of hydrocephalus and eargeness to remove the 

shunt 

 successful endoscopy when 

shunt malfunction 

77% of attempts [15] 64% [14] reflects selection of patients 

Mortality overall 1.22 [56] 14.6% [57] depends whether tumors are included or not 

 non-tumoral mortality 8.6% [58] 13.7% [49] depends on duration of follow-up and intercurrent events in 

debilitated patients 

 shunt-related 0 [48] 2.9% [26] 3.65% [57] depends on duration of follow-up; impact of staff and patient 

education 

Morbidity motor handicap 30% [30] 34.2% [56] 60% [36] series with spina bifida 

 low IQ 12.5% [47] 54.2% [48] selection bias for testing 

 normal schooling 38% [43] 30% [36] 79% [26] depends on tolerance of schooling system 

 no schooling 5.5% [4] 9% [30] 9% [36] depends on tolerance of schooling system 

 visual 25% [36] 33% [59] 83% [35] depends on how thoroughly examined 

 pregnancy 14.5% [4] 20.6% [37] impact of early age of shunting 

 epilepsy 2%/year [60] 6.5% [4] 14% [30] 25% 

[57] 30% [36] 32% [39] 

associated with severe initial disease and poor outcome 



 depression 43.2% [37] may be biased by selection (self reported morbidity) 

 headache 8% [4] 44% [40] depends on age 

social integration normal job (competitive labor 

market) 

33.3% [4] 56% [5] bias linked with protracted follow-up 

 sheltered job 23% [4,26] depends on proactive welfare system 

 partner 6% [5] 22% [26] 37% [37] selection bias: studies based on voluntary participation 



Table 2 aims at establishing the relationship between predictive variables (including those 

related to the patient, surgery, and medical resources) and dependent variable (outcome). 

Four variables (epilepsy, shunt obstruction, shunt infection and endoscopy) are listed both as 

predictive and as dependent variables. The combination of these variables with themselves is 

often meaningless (the predictive and dependent variables are collinear), however shunt 

failure has in itself a definite impact on the risk of further shunt failure. Table 2 shows that 

there is a broad consensus on some items, such as the association between young age at 

surgery and shunt failure [8,37,61,62] and shunt infection [7-9,61]. There is a more limited 

consensus on other items, such as the association between shunt infection and shunt-related 

mortality [9,58]. For other associations, we found data from only one study (e.g., the 

correlation between prematurity and quality of life [29]). Other associations had conflicting 

results (e.g., between shunt obstruction and epilepsy, which was significant according to 

Bourgeois et al. [39], but not Piatt and Carlson [60]). Finally, for several of these 

associations, we found no documentation in literature (e.g., between epilepsy and social 

integration). Although a more extensive literature search may fill some of these gaps, there is 

obviously a great need for more clinical research. 

Table 2 Association between factors pertaining to the patient, treatments and medical 

resources (predictive variables) and surgical and clinical outcomes (dependent 

variables) 



predictive variable Dependent variable shunt failure shunt 

infection 

hydrocephalus-

related mortality 

endoscopy 

failure 

neurological 

deficit 

epilepsy cognitive 

impairment 

difficulties 

at school 

QOL social 

insertion 

Young age at surgery higher [8,37,61,62] higher [7-9,61] higher [50,63] higher 

[21,64] 

higher [31] higher [31] 

NS [60] 

higher [31,44] higher [44] lower 

[29,30,37,44] 

lower 

[37] 

Prematurity higher [62,65-68] higher [7,66-

68] 

higher [27] NS [67] 

lower [44,50] 

higher [69] higher 

[27,44,68] 

higher [39] higher [27,68] higher [44] 

NS [9] 

lower [29] no data 

found 

Post-meningitis hydrocephalus Higher [56,62,70] NS [7,9] higher [71] higher [20] 

NS [72] 

lower [57] higher 

[30,39,56] 

higher 

[4,40,56] 

higher 

[5,9,61] 

lower [4,30] lower [4] 

ventricular hemorrhage higher [8,62,70] 

NS [61] 

higher [73] NS 

[7,9] 

lower [4] higher 

[63] 

higher 

[20,69] 

higher 

[34,57] 

higher 

[39,56,57] 

higher 

[30,34,44,57] 

higher 

[5,61] NS 

[9] 

lower [30] 

higher [4] 

lower [4] 

spina bifida higher [62,74] higher [74] NS 

[7] 

higher [3,50,58,74] higher 

[18,23] 

higher 

[56,57] 

lower 

[39,57] 

lower [36,57] Lower [49] 

higher [9] 

lower [4,30] lower [4] 

shunt obstruction risk of recurrent 

revisions [8,62,70] 

risk increases 

with recurrent 

revisions [70] 

main cause [63] higher 

[22,23,75] 

higher [44] 

NS [57] 

higher [39] 

NS [60] 

higher [57,76] 

NS [41,47,49] 

Higher 

[76,77] NS 

[61] 

lower [29] no data 

found 

shunt infection (1) (1) higher [9,58] higher [22] higher [30] higher 

[9,39] NS 

[60] 

higher [9,57] higher [9] lower [9,78] no data 

found 

endoscopy lower [19,24] lower [19,79] lower [23] NS [73] (1) no data found lower 

[39,80] 

NS [79] no data 

found 

better [73] NS 

[79] 

no data 

found 

epilepsy higher in infants 

[60] 

no data found no data found no data 

found 

no data found (1) higher 

[36,39,56,81] 

higher [39] lower [29,30] no data 

found 

local resources high volume of 

surgery: lower [12] 

high volume of 

surgery: lower 

[12] 

high volume: lower 

[12] geographic 

distance: higher 

[63] 

no data 

found 

no data found no data 

found 

no data found no data 

found 

geographic 

distance: lower 

[29] 

no data 

found 



Because they are both causes and consequences, shunt obstruction, shunt infection and 

epilepsy are indicated both as predictive and dependent variables 

(1): these correlations are not documented because meaningless (collinear variables); 

however, shunt obstruction has a documented impact on the risk of recurrent shunt failure 

[8,62,70] 

The voids in this table indicate that there is space for clinical research on hydrocephalus 

outcome, especially on the very-long term outcome. QOL: quality of life 

Analysis of information and identification of information gaps 

(How can we evaluate the hydrocephalic patient and who does the evaluation?) 

Self-evaluation by the patient 

It is now recognized that the patients’ perspective on their own outcomes is probably the 

most relevant. The National Institutes of Health has, in fact, made this a strong program focus 

under Patient-Reported Outcomes Measurement Information System 

(https://commonfund.nih.gov/promis/). In pediatric hydrocephalus, these outcomes are often 

completed by proxy (usually parents), because most young children under 10–12 years are 

not capable of meaningfully answering questions about their health. Health in this context is 

recognized to be multidimensional and cuts across broad domains of physical health, social-

emotional health, and cognitive health. Specific measures of each of these domains exist, 

with neuropsychological testing being one of the most commonly used. Taken together, these 

domains comprise the overall concept of health. Quality of life (QOL) is a specific measure 

of health, taken from the perspective of how the patients feel they are doing in these domains. 

It can be argued that the ultimate goal of our management is to optimize QOL, since it is the 

final common measure of outcome. For example, improvements in shunt technology resulting 

in fewer admissions for shunt failure should be manifest in improved QOL for the patient, as 

should physiologically optimizing CSF drainage so as to improve intellectual function. While 

the immediate effects of these could be measured in terms of reduced days of admission or 

higher neuropsychological test scores, the ultimate test of their impact is the effect they have 

in improving QOL. Generic measures of overall health and QOL in children include the 

PedsQL, the Child Health Questionnaire, and the Health Utilities Index, while the 

Hydrocephalus Outcome Questionnaire is an example of a disease-specific measure [78]. 

Evaluation by clinicians 

The literature review found mostly retrospective studies. Evidence-based medicine would 

require more prospective studies, however these studies have been difficult to set in place and 

sometimes disappointing in their results and interpretation [43,46]. There are several 

acknowledged barriers to randomized trials in pediatric hydrocephalus including: a relatively 

small number of patients, a large variety of available shunt materials and techniques, 

heterogeneous and often tradition-based practices, and the important questions to be 

answered (patient development, academic achievement, social integration) require very long-

term follow-up. Despite these barriers, we must continue to strive for randomized trials, 

where appropriate, and to also take steps to make future retrospective and non-randomized 

prospective studies more useful. For example, scientific societies and journals should 

encourage the standardized use of evaluation tools and analytic techniques (e.g., actuarial 

survival rates, QOL scales). 



What are the determinants of outcome? 

The voids in Table 2 show that there is room for clinical research on the determinants of 

hydrocephalus outcome, especially very-long term outcome. This table can also be expanded 

by adding other variables not listed above. Among predictive variables not listed because of 

the paucity of data available, prenatal hydrocephalus is of particular interest, because its 

predicted outcome is an important element of decision-making for antenatal treatment and/or 

interruption. Other outcome variables like vision, endocrine sequelae and fertility, are also of 

importance for the daily life of these patients, and could be anticipated or prevented with 

better knowledge of their determinants. 

How can shunt-related mortality and morbidity be reduced? 

Table 1 lists a long litany of sequelae and complications, which plague the patients’ life and 

sometimes make it shorter. Having identified these problems, the next step is to find ways to 

fix them. Prevention of morbidity requires early diagnosis and treatment of hydrocephalus, 

but this is often beyond the control of neurosurgeons. The neurosurgeons’ undisputed role is 

to avoid complications of treatment. As Oakes stated: “Lowering the infection rate and 

extending the interval between shunt revisions are appropriate and admirable goals. Helping 

these patients achieve a more useful life is ideal” [42]. Reducing the incidence of shunt 

infection requires a number of measures before, during and after surgery [7,10], and applying 

these measures rigorously has proved effective [52]. Analyzing all possible types of shunt 

failure, Sainte-Rose et al. defined the characteristics of the ideal shunt design [51]. However, 

prospective studies have failed to assert the superiority of one shunt design over another 

[43,45,46]. Surgery for shunt failure diagnosed at a pre-symptomatic stage has also been 

advocated as a way to prevent catastrophic shunt blockage and lower the complication rate of 

shunt revision [82]. Ultimately, the best way to avoid shunt complications might be to 

employ endoscopy whenever possible, seizing the opportunity when the patient presents with 

a blocked shunt [14,15]. How often this opportunity translates into a durable benefit for the 

patient remains to be evaluated [75]. Monitoring the rate of septic and aseptic complications 

should be part of each neurosurgeon’s duties. Compulsory national registries, like the one 

created in the UK could become a standard [83]. It would be preferable, however, that the 

motivation for this comes from clinicians, rather than be imposed by institutional authority. 

Another approach to these problems could be through re-organization of healthcare delivery. 

In-hospital mortality and complications after shunt operation have been shown to be 

significantly lower in high-volume hospitals, compared to hospitals with a smaller volume of 

activity [12]. While this would seem to support centralization of care to larger centers, this 

collides with another important tenet: fast referral in case of emergency [63]. Long distances 

can also be an impediment to clinical follow-up and Kulkarni et al. found a correlation 

between geographic distance and a lower QOL score [29]. On the other hand, high volume 

and clinical experience can foster the creation of ad hoc protocols for emergency 

management [84]. A non-centralized approach would require adequate training and teaching 

of non-specialist neurosurgeons and the organization of back-up support networks. A side 

benefit of the latter solution would be a smoother transition to adult care when the child 

grows up. 



What are the ideal modalities of follow-up for shunted patients? 

The follow-up of hydrocephalic patients is essential, in order to diagnose and manage long-

term complications early and to evaluate the results of treatments. There is no consensus 

regarding the optimal mode of this follow-up. While most authors agree that it falls to the 

neurosurgeon [85,86], some authors suggest that these patients could be followed by a 

general practitioner or a pediatrician [87]. As detailed above, however, the complexity and 

rarity of the condition in general practice often makes the follow-up of these patients a 

specialist’s role. Standards have yet to be established regarding the frequency of visits and 

imaging. Several authors advise a clinic visit every second year [82,88]. Fundoscopy is 

innocuous but has not proved its usefulness for the diagnosis of shunt failure in asymptomatic 

patients, and is often falsely negative. The role of brain imaging is much debated. It is 

important to obtain a baseline cerebral image, to provide adequate comparison when 

suspicion of shunt malfunction arises [18]. This imaging should be performed at least 6 

months after shunt insertion or revision in order to show the effect of shunting [45], because 

it could take up to 14 months for ventricle size to plateau [89]. It appears reasonable to keep 

X-ray imaging to a minimum and MRI should be preferred to CT whenever possible [90]. 

MRI poses a different problem in infants who require sedation, even with specific quick 

sequences [91]. The practice of routine shunt series is based on the possibility of 

asymptomatic disruption or migration preceding overt shunt malfunction [82], and its yield 

has been evaluated at 1.4% [92]. Whether such a rate justifies routine shunt series or not is 

debatable. Up to now, no alternative has been found to explore the physical integrity of the 

shunt and avoid X-rays. 

What are the ideal modalities of follow-up after endoscopic surgery? 

When ETV became widespread, it was considered, unlike shunts, as a minimally invasive and 

definitive cure for hydrocephalus. It is now recognized that complications also occur after 

ETV, including obstruction, infection, CSF leakage, intraventricular hemorrhage, and damage 

to the tuber cinereum with diabetes insipidus [21,75]. Cases of secondary occlusion of the 

ventriculostomy with delayed catastrophic deterioration are documented [93], however, 

estimations of hydrocephalus-related mortality after ETV are lacking. There is no consensus 

over the modalities of follow-up after ETV. Systematic clinical follow-up appears no less 

necessary after ETV than for shunted patients. However, the duration of this follow-up is not 

settled: “At what point follow up can be discontinued is not known” [93]. The need for 

systematic MRI is debated, some authors considering it unnecessary [94] while the majority 

recommends its routine use [19,93]. In addition to clinical follow-up, education of the patient 

and caregivers is mandatory [93]. Long-term clinical follow-up studies are necessary to 

document the surgical and clinical outcome after ETV. 

How cost-efficient is the management of pediatric hydrocephalus? 

The treatment of hydrocephalus has measureable economic consequences, as does the 

outcome of such treatment. Economic costs are born by the patient/family, the hospital, the 

insurer, and society. It is no longer considered beyond the scope of physicians to consider 

these economic costs in making treatment decisions. In the face of finite healthcare resources, 

it is our duty to provide the best care, but to also do so in the most economically efficient 

manner possible. Health care economics is complicated, however, and treatment that might 

seem cheaper from the perspective of one party (e.g. the insurer), might be more costly to 

another (e.g., the patient/family). 



Organizing the transition from child to adult care 

Like many pediatric diseases, hydrocephalus begins during childhood and continues during 

adulthood. The yearly incidence of neonatal hydrocephalus was estimated as 2000 cases in 

the US [37]; with a mortality of 18.1% during the last four decades [4], the expected 

population of hydrocephalic patients reaching the age of 20 years should be over 1638 

patients every year for the US. The transition that occurs when young patients grow into 

adults is a complex process, occurring over years, and is often met with sudden changes in 

health care environment and personnel for these patients. This transition should be 

anticipated with progressive education of the patient and his family [95]. No universal recipe 

exists for the management of this transition; the factors involved include the patient’s specific 

health issues, their ability to cope with complex problems, their ability to independently 

navigate the healthcare system, the availability of familial support, and the accessibility of 

healthcare resources. Once transition has occurred, it remains important to measure outcomes 

relevant to the adult patient, such as achievement in societally-appropriate adult roles (higher 

education, employment, family, etc.). Knowledge about these outcomes and evidence to 

improve them is relatively sparse in our literature 

Conclusions 

The challenges of measuring and improving outcome of all types in pediatric hydrocephalus 

have been outlined in this paper. These challenges can only be met with a cooperative, 

systematic approach that emphasizes methodologically-strong research with long-term 

follow-up of a broad range of outcomes, all of which are important to patients with 

hydrocephalus. 
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